The objectives of this literature review were to: (i) evaluate the impact of greywater generated in rural communities, with the emphasis on Jordanian conditions, on soil, plant and public health and assess the need for treatment of this greywater before it is used for irrigation, and (ii) assess the potential of different types of organic by-products as carrier material in different filter units for removal of pollutants from greywater. Greywater with high BOD 5 , COD, high concentrations of SS, fat, oil and grease and high levels of surfactants is commonly found in rural areas in Jordan.
INTRODUCTION
Freshwater is a basic need for human survival and socioeconomic development. During the twentieth century, water use has globally increased six-fold and by the year 2025 about 1,800 million people will live under absolute water stress conditions and two-thirds of the world population will experience water stress (UN-Water 2006) .
The growing population accompanied by increased water consumption leads also to increased wastewater volumes. In 2006, UN-Water called for measures to increase water recycling and to take into consideration basic human needs and restoration of ecosystems.
Greywater accounts for 70-75% of the total household wastewater (Palmquist & Hanaeus 2005) . It is seen as a sustainable water resource that can contribute to conservation and sustainability of water resources (Nolde 1999) . As generated from cleaning and washing activities in households, greywater usually has low concentrations of nitrogen, but may have high concentrations of organics, surfactants, salts and fat, oil and grease (Shafran et al. 2008) . Oxygen depletion (Eriksson et al. 2002) and occurrence of anaerobic conditions, hydrophobic soil phenomena (Shafran et al. 2008) , plant toxicity (Shafran et al. 2006 ) and hygiene risks (Rose et al. 1991 ) are common problems associated with greywater reuse without treatment.
The most common onsite wastewater treatment system consists of a septic tank followed by a sand filter (EPA 2002) . In many countries, well graded sand is not available. In addition, sand is heavy, resulting in costly transportation if not locally available.
Organic by-products such as bark, compost, peat, corncobs, wheat straw and wood chips have been used in filtration of both gaseous (Delhoménie et al. 2002) and liquid pollutants (Lens et al. 1993) . The advantages are their physicochemical and biological characteristics, wide availability and low cost. They have shown satisfactory performance in removing organic pollutants from different types of wastewater (Lens et al. 1993; Attanadana et al. 2000; Babel & Kurniawan 2004; Savage & Tyrrel 2005; Ray et al. 2006; Bongumusa et al. 2007; Ridderstolpe & Olofsson 2007; Saliling et al. 2007 ).
The objectives of this literature review were (i) to evaluate the impact of greywater generated in rural communities in Jordan on soil, plant and public health and assess the need for treatment of this greywater before irrigation, and (ii) to assess the potential of different types of organic by-products to remove organic matter from greywater.
METHODS
The results are based on English scientific literature about (i) the impact of greywater on soil, plant and health and greywater quality in rural communities in Jordan and (ii) the use of organic by-products such as bark, compost, mulch, corncobs, peat, wood chips and wheat straw as bed materials for filters or wetlands for treatment of different types of wastewater. The Web of Knowledge, Web of Science, Scopus and Google Scholar databases were used for the literature search. In this paper, mulch is defined as an organic byproduct from plants in agricultural and forest production.
RESULTS

Problematic greywater components and their effects on soil and plants
The literature review revealed that greywater generated in rural communities in Jordan contains high concentrations of suspended solids (SS), organic matter (quantified as biochemical oxygen demand, BOD 5 and chemical oxygen demand, COD), surfactants (quantified as MBAS) and fat-oil-grease (FOG) as shown in Table 1 .
High concentration of organics is expected to cause anaerobic conditions and offensive odours, while degradation of organic matter leads to oxygen depletion (Eriksson et al. 2002) . Furthermore, under low oxygen conditions hydrogen sulphide, which has an offensive odour, is also formed. In addition, high organics enhance the growth of pathogenic indicators.
Surfactants (quantified as MBAS) were found in greywater from rural communities in Jordan. MBAS originates from dishwashing and showering, with 40% coming from laundry (Scott & Jones 2000) . Irrigation with greywater with high levels of surfactants resulted in significant accumulation of these substances in the soil, leading to hydrophobic soil phenomena (Scott & Jones 2000; Shafran et al. 2008) .
High concentrations of FOG were found in greywater from rural communities in Jordan. Kitchen wastewater is the largest contributor to FOG in greywater (Travis et al. 2008) . Blockage of wastewater collection pipes due to accumulation of FOG and emission of offensive odour due to oxidation of fatty acids are two well known impacts of FOG. Moreover, when the water is used for irrigation, resulting accumulation of FOG in soil affects the moisture holding capacity and stability of soils (Moucawi et al. 1981) and results in hydrophobic soil (Travis et al. 2008) .
Greywater in rural communities in Jordan is contaminated with high numbers of E. coli, Enterococcus and Salmonella bacteria. Faecal contamination is the major source of E. coli and Enterococcus (Christova-Boal et al. 1996) . Salmonella might be introduced into kitchens during food handling (WHO 2006) . The pathogenic content of greywater may pose health risks for greywater reuse without treatment (Rose et al. 1991) due to contact with greywater during irrigation or transmission of pathogens from greywater to crops to consumers (WHO 2006) .
Sodium concentrations were found to be moderately high in greywater from rural communities in Jordan and the sodium adsorption ration SAR was not high. High SAR leads to soil salinity, which leads to reduced water availability for crops (Bernstein 1975; Ayers & Westcot 1994; ChristovaBoal et al. 1996) , and causes plant toxicity (Shafran et al. 2006) .
Low concentrations of boron were found in greywater in rural communities. Whiteners in washing powder or cloth whiteners (Shafran et al. 2006 ) are sources of this element. Higher concentrations than the threshold can lead to boron accumulation in leaves and thus result in damage to plants (Ayers & Westcot 1994) .
Potential of mulch for treating greywater prior to irrigation
Organic by-products such as bark, compost, kenaf, corncobs, peat, wheat straw, wood chips and a mixture of these materials are in this paper collectively called mulch. There are many reports on the use of mulch as a filter material for treatment of domestic wastewater, greywater, food service wastewater, aquaculture wastewater, refinery wastewater, compost leachate, sewage sludge, and pig manure, and some of these are given in Table 2 .
Mulch materials were used for removal of organic matter, measured as SS, BOD 5 and COD, from wastewater by Lightsey et al. (1976) , Lens et al. (1993) , Attanadana et al. (2000) , Aslam et al. (2007) , and Tyrrel et al. (2008) . Moreover, mulch has also been used for denitrification as well as removal of ammonia (Hu & Gagnon 2006; Saliling et al. 2007; Gilbert et al. 2008) . In these studies both low and high strength wastewater in terms of organic content and/or nitrogen content were treated as shown in Table 3 . Wang Ngah & Hanafiah (2008) reported that organic by-products have been used in many studies for heavy metal removal from wastewater. However, heavy metals were not within the scope of this review as they are not a concern in the greywater of rural communities in Jordan.
Most mulches showed removal rates of SS, COD and BOD 5 that exceeded the level obtained by primary wastewater treatment (Table 4) . In several studies (Lightsey et al. 1976; Lens et al. 1993; Hu & Gagnon 2006 ) the efficiency of bark, peat and wood chips as a secondary treatment option exceeded the performance obtained by sand and trickling filters (data for sand and trickling filters not shown 
in Table 4 The performance of mulch material in removing organic pollutants depended on type of mulch used and on how the filter was designed in terms of particle size or surface area, depth of filter and hydraulic and organic loading of the feed. Table 5 shows some design aspects as reported in the literature.
DISCUSSION Problematic greywater components and their effects on soil and plants
In a country with a hot climate like Jordan, degradation of easily degraded organics is fast and oxygen consumption high. This leaves part of the organic content in the wastewater under anaerobic conditions, which contributes to formation of hydrogen sulphide. Additionally, presence of easily degradable organics turns greywater into a proper environment for growth of faecal indicators (WHO 2006) which might indicate a risk of pathogens.
Comparing quality of greywater in these rural communities with quality needed for irrigation based on Jordanian standards for reclaimed domestic wastewater reuse (JS 893/ 2006) and FAO standards, it is obvious that SS, BOD 5 , COD, FOG and surfactants (MBAS) should be reduced in greywater before it is used for irrigation.
Risks related to pathogens in greywater can be managed using barriers (WHO 2006) . Such barriers include hygiene awareness and source reduction of faecal contamination at household level, where a strong barrier is to use source separation, i.e. to keep toilet water strictly separated from greywater, and additional barriers are e.g. the use of drip irrigation and crop selection/crop restriction (WHO 2006) .
The effects of sodium on soil depend on soil type (Ayers & Westcot 1994) and pH. SAR and sodium contents in greywater of rural communities are unlikely to become a problem for soil or plants especially under the high soil pH prevailing in the studied area, and given that the type of soil in Jordan is good in this respect (Shahalam et al. 1998) .
Boron is an essential element for plant growth at low concentrations (typically 0.2 mg B L À1 water; Ayers & Westcot 1994). However, depending on plant type, concentrations higher than 0.7-3 mg L À1 may lead to boron accumulation in leaves which will damage the plant (Ayers & Westcot 1994) . Boron does not normally seem to be a problem when greywater is used for irrigation, as boron availability for plants depends on soil pH, texture and moisture (Goldberg 1997) . Boron is not available for plants at high pH or in coarse soils with a low moisture content (Goldberg 1997) , such as the soil conditions in the rural communities that are the subject of this paper.
As water scarcity in Jordan is severe, irrigation is needed. However, to obtain irrigation water from greywater, it is 
Potential of mulch for treating greywater prior to irrigation
The literature revealed that different types of mulches were fed with different types of wastewater such as greywater, domestic wastewater, food waste, pig manure, sewage sludge, refinery wastewater and compost leachate ( Table 2) . The influent to mulch filter had a very wide range of BOD 5 . Untreated water with low BOD 5 varied from 93 to 135 mg L À1 (Hu & Gagnon 2006; Aslam et al. 2007 respectively) and high BOD 5 water varied from 4,300 to more than 9,800 mg L À1 (Savage & Tyrrel 2005; Gilbert et al. 2008 respectively) . Based on removal efficiencies reported in the literature (Table 4) one can consider mulch materials as a resilient filter material that can deal with high and shock loads expected in greywater of rural communities in Jordan. The concentration of SS, BOD 5 and COD of greywater reported from such communities (Bongumusa et al. 2007; Halalsheh et al. 2008) lies within the range of those reported in Table 3 . FOG measured in greywater in rural communities in Jordan (Halalsheh et al. 2008 ) is much higher than FOG levels reported by Aslam et al. (2007) which were measured in pre-treated refinery wastewater in Pakistan. The explanation of high FOG in greywater is the disposal of food remains rich in fat and grease as well as the use of natural soap made of olive oil. None of the cited studies had analysed surfactants, either in the inflow or in the outflow. The most common setups of mulches for wastewater treatment were down-flow vertical filters (Lens et al. 1993; Savage & Tyrrel 2005; Bongumusa et al. 2007; Ridderstolpe & Olofsson 2007; Gilbert et al. 2008 ) but they were used in wetlands (Aslam et al. 2007 ) and in trickling filters (Lightsey et al. 1976) . Downflow mode filters with unsaturated flow are better in assuring the availability of oxygen needed for oxidation of organic matter compared to filters with saturated flow. Thus, Saliling et al. (2007) used an up-flow saturated mode to accomplish the anaerobic condition required for denitrification. Different types of mulch can achieve satisfactory removal of organics (Table 4) . This was shown for bark by Lightsey et al. (1976) and Lens et al. (1993) , compost by Savage & Tyrrel (2005) and Aslam et al. (2007) , kenaf and corncobs by Attanadana et al.(2000) , peat by Gilbert et al. (2008) and Hu & Gagnon (2006) and wood chips by Lens et al. (1993) and Saliling et al. (2007) . The removals cited in Table 3 for BOD 5 and SS are higher than those obtained by septic tanks, which are commonly used for primary on-site wastewater treatment. A well constructed and maintained septic tank removes 15-30% of BOD 5 (EPA 2004) and sometimes even up to 65% (Bounds 1997 ) and removes 50-70% of the SS (EPA 2004).
Compared to sand filters and low rate trickling filters used for secondary treatment, peat used by Lens et al. (1993) and Hu & Gagnon (2006) , wood chips used by Lens et al. (1993) and bark used by Lightsey et al. (1976) and Lens et al. (1993) showed higher removals of BOD 5 and SS. According to Sabbah et al. (2003) , sand filters removed 90% of the BOD 5 and 80% of the COD in rural communities in Middle East while BOD 5 removal in low rate trickling filters ranges from 80 to 90% (Tchobanoglous & Burton 2002) .
Particle size of bark, compost, mixed mulches, peat and wood chips in most of the cited studies was larger than the size recommended for sand filters. It can be seen from Table 5 that hydraulic loading rates used by Lens et al. (1993) , Hu & Gagnon (2006) and Gilbert et al. (2008) were within 0.05-0.15 m 3 m À2 .day that is recommended for sand filters (EPA 2002), whereas Attanadana et al. (2000) , Savage & Tyrrel (2005) and Bongumusa et al. (2007) used hydraulic loading rates higher than those of sand filters and lower than the 1-4 m 3 m À2 .day that is used in trickling filters (Bishop & Kinner 1986) . However, organic loading rates were higher than the 0.024 kg m À2 .day recommended for sand filters (EPA 2002) and within 0.08-0.32 kg m À2 .day which is used in trickling filters (Bishop & Kinner 1986 ). An exception was Savage & Tyrrel (2005) , who used an organic loading rate that exceeded recommended loading rates for sand and trickling filters.
Low removal rates of organic content from the wastewater were reported by Aslam et al. (2007) , Bongumusa 
CONCLUSIONS
Bad smells associated with anaerobic decomposition of organic matter, growth of pathogenic indicators, blocking of piping systems, accumulation of FOG and MBAS in soil and occurrence of hydrophobic soil phenomena are the main negative impacts of using greywater for irrigation without prior treatment. SS, BOD 5 , COD, MBAS and FOG are the main pollutants of concern in greywater in Jordan. To meet the Jordanian standard for reclaimed wastewater for irrigation they must be reduced by treatment. Sodium and boron are unlikely to become a problem to soil or plants.
Organic by-products such as bark, corncobs, and wood chips, collectively called mulch, have in many studies achieved SS, BOD 5 and COD removal efficiencies higher than that obtained by a septic tank as a primary treatment system. Bark, peat and wood chips achieved a higher BOD 5 and COD removal efficiency than that achieved by a secondary treatment system consisting of sand or trickling filters.
Most of the mulch filters in the cited literature use unsaturated down-flow mode and follow criteria recommended for sand filters for some parameters and for trickling filters for other parameters. Biological oxidation was assumed to be responsible for the removal of biodegradable organic matter and biofilm development needed 20À40 days to reach a stable removal of organic matter. Filters with bark and wood chips showed high durability while mixed mulch, compost and wheat straw were less durable.
Concentrations of SS, BOD 5 , COD in greywater generated in the rural communities in Jordan lie within the range that has been successfully fed into different mulch materials. Thus, these materials can be considered to have a high potential to remove the high content of organic pollutants in the greywater in rural communities in Jordan. However, their performance and behaviour in treating high concentrations of FOG and MBAS still needs to be thoroughly investigated.
